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A PRELIMINARY INVESTIGATION OF WEAPON-SYSTEM

DISPERSION AND CREW MARKSMANSHIP

BR~~F

~~~~ rement :
To determine the degree to which hardware-related dispersion could

influence performance tests in tank gunnery . Norma l main gun round-to-
round dispersi on may introduce inaccuracies in the scores achieved by tank
crews during crew gunnery qualification. The development and use of a
criterion-referenced qualification table makes the hit/miss determination

for ever y roun d f i red cri ticall y important.

Procedure :
Existing data provided by the Armor Engineer Board , U.S . Army Armor

School , were analyze d . These data consiste d of 126 main gun rounds fired
from an instrumented tank under a variety of conditions. These conditions
included : sta tionary tank ; moving tank at 10 mph over a secondary road;
moving tank at 5 mph cross-country ; and moving tank at 10 mph cross-country .

All roun ds were fired at stationary , panel-type targets , at ranges of 800
to 1500 meters. Instrumentation included a video camera with telephoto

lens si ghted on the targe t, a second video camera mounted in the IR pen - I I

scope, and vi deo recorders for both cameras. Thus , for each round f i re d ,

both the sight picture and the actual strike of the round could be deter-

mined , relative to the center of the target.

Hndi:~~~
Severa l analyses of the data were conducted , inc luding correlations

between the s ight picture and strike data , and tests of significance for

the difference between sight picture and strike of the round . In addition ,
analyses were conducted which statistically factored out the performance

of the tank crews tested in order to focus exclusive ly on the dispersion
inherent in the weapon system. These results were used to develo p a series

of tab les which indicate the maximum ranges at which a gunner , who assumed

a perfect sig ht picture , cou ld be expected to hit the ta.rget at least  95~
of the t ime . .

I
\



The results indicate that when the weapon system is used as a testing

device , ste ps must be taken to i nsu re accurate ind ications of gunner perfor-
mance that otherwise may not be available from strike-of-the-round data.

Utilizat ion of the Findings:

Th is study was conducted on a small sample of data , and use d relativel y
new test instrumentation. It is therefore recommended that a larger-scale
study be performed in order to determ i ne the reliability of the findings.
If they are rep l icate d , al ternative gunnery testing strategies , including

the use of gun camera s for scoring, use of scale d ranges or lar ger ta rgets ,
etc ., may have to be considered when implementing the criterion -referenced

tank gunnery qualification table.
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INTRODUCTION

The purpose of the present projec t i s to develo p a model Ta b le
V III for determining the qualification of tank crews in gunnery . The
model table described in a companion report (Wheaton , F i ngerman , & Boycan ,
1977), consists of 28 engagements in whic h targets are to be neutralized
with var ious wea pons of a tank. The model tab le i s des ig ned as a
criterion-referenced instrument ; that is , th e per formance of each crew
on each engagement is compared to a specified standard of acceptable per-
forma nce . A ~~~~ or ul go li is recorded if the performance meets or ex-
ceeds the s tandar d , while a ~~~~~~~~~~ is recorded otherwise. These per-
formance standards generally require a certain degree of accuracy (e.g.,
usobtain a target hit with at most two rounds~) and speed in accomplishing

the engagement (e.g., ~engage within 5 seconds of target appearance , fire
f irs t round w ithi n 5 secon d s , fire second round (if needed ) within 10
seconds~l). Both speed and accuracy sta ndards must be met in order to

score a uu go uu on any specif ic engagement. In addition to the specif ic
performance standard , a second standard is also established to determine

crew gunnery qual i f icat ion . This standard is specified in terms of the

proportion of engagements on which a lgo~ must be achieved .

A concern with this test (and , indeed , w i th all ~inds of tests)
is “error of measurement. At the heart of this concept is the notion

that , while one uses empirically obtained data to represent a test score

(e.g. ul pass u or u uf a i l u l ) ,  one is actuall y interested in the testee s true

score. Since measurement procedures invariably introduce some error ,

the empirically observed ui pass u or fail datum is only an estimator of
a true score, in this case the crew ’ s true abil i ty to perform the engage-
ment. Measurement error leads to two additional concepts-- false posi-

tives ,” and “false negatives. ” A false positive occurs when a crew ’s

true abi lity is less than that requ ired by a test standard , but  t h e i r

empirica lly measured performance meets or exceeds that standard ; the
crew is thus ( falsely) c lassi f ied as qualif ied . Similarly, a false

~j - .
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negative occurs when a crew ’s empirically measured performan ce does not
meet the s p e c i f i e d  s t anda rd , d e s p i t e  the  fac t  that their true ability is
more than adequate with regard to the standard ; in this case the crew is

(falsely) classified as not qualified. These two manif estations of error
of measuremen t are deal t w i th a t length in W hea ton , et al. , (1977). The
purpose of the present report is to explore sources of measurement error
which are important to the model Table V III , and to consider methods of
ameliorating their effects.

WEAPON SYSTEM DISPERSION

Anyone who has studied tank gunnery , and particularly per for-

mance measurement in tank gunnery , has come across weapon system dis-

persion effects. These effects may be characterized most si~ pl y by sa~-

i ng that the round doesn ’t always go where it is aimed . They are docj-

mented in several Army publ icat ions (e .g . ,  FM 17 - 12 - 2 , 1977 , and in a set
of theoretically derived tables from AMSAA), and are ascribed to such
things as tube droop, ’ gun tube wear , and var iabi l i ty  in propellant
charge. Little guidance is given on how to cope with such random effects.

For exam p le ,

There is no way the crew can compensate for
this [dispersion], but they should be aware
of dispersion. If a round misses the aiming
point by a slight amount , a re-lay with no
adjustment in sight picture may achieve a
target hit. This can only be determined by
extensive crew experience (FM 17-12-2 , 1977 ,
p. 27 ).

Dispers ion is of special concern in the present project as
a potential source of error of measurement , and as a contributor to false
positive and false negative errors . Concern about dispersion arises be-

cause the strike of the round is not totally determined by the gunner s

skill . He may (sometimes) get a hit when his aim is poor , and conversely,

he may (sometimes) miss when his aim is perfect. The extent of such in- —

cons istencies between the gunner ’s true level of skill and his measureable

. - _ _ _  ~..__
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performance based on the str ike of the round depends on the magnitude of
the dispersion produced by the weapon system . Suppose that the disper-
sion effect is such that the weapon system can hit the target , given the
aim of the gunner is perfec t , 90 of the time. Further assume that the
gunner ’s skill is such that he will aim perfectly 95-a of the time . The
probability that he wc~ld actually hit the target on any given engage-
ment in this case is 85.5% (.90 x .95 x 100). In other words , his mea-
sured performance will be 85.5~ despite the fact that his true skill
level is 95~ . In developing the accuracy (or hit ) standard s of compe-
tence for the Table III it becane apparent that , for whatever standard

was selected , if the d ispers ion e f f e c t s  were of suf f ic ient  magnitude ,
they could lead to significant error in determining crew qualification.

ERROR OF MEA SUR [ME~T A~[ CRE , QUALIF ICAT 1O~

During the course of this and earlier projects , Armor person-

nel have often commented for various engagements that , “while crews

ought to be able to nit the target 85~ of the time , they in fact cannot. ”

When pressed on the issue , what becomes c lear is that the l imit ing f a c t o r

in tank gunnery often may not be crew competence , but rather the weapon
system itself when used as a measuring instrument. Thus , while it might

be possible for certain crews to theoret ical ly at ta in even l00~. compe-
tence in one or another kind of engagement , when tested they might hit

the target less frequently than expected ; this discrepancy would be due

to the tank rather than the crew . The problem is not one of boresight-

ing or zeroing (over which the crew has control and for which they are

responsible) but rather lies in the fact that , from round to round , there

is variability in the weapon system . To the extent that the round does

not go p rec i sel y where it is aime d , error of measurement i s i ntrodu ced .

If this error of measurement is severe enough to reduce system accuracy ,

for example to a level l ower than tha t expected for the true competence

of crews, live-fire scores may be ser i ousl y bi ase d , an d there fore in-

adequate meas u res of crew qual ifi ca t ion .

3
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Since the primary purpose of the model Table V I I I is to measure
crew qualification , and since live -fire performance measures might poten-

tially bias or otherwise compromise the adequacy of the table for this
purpose, a preliminary exploration of the problem has been undertaken
using existing data . These data , while not idea l for the purpose , were
sufficient to determine whether or not a problem exists , to grossly esti-
mate the magnitude of the problem , and to suggest some possible solutions.
The rema i nder of this paper describe s the method by which the data were
collected and analysed , the results of the analysis , and a discussion of
the implications of these results. The fina l section of the paper quali-
fies the findings based on shortcomings in the procedures , and suggests
precise approaches to further research.

It should be emphasized at the outset tha t the empirical re-

sults presented herein must not be taken as final , since the population
tested is so small ( i .e. , one tank and one kind of ammunit ion). Never -
thel ess , the results do characterize the magnitude of the problem , and

suggest further stud y.
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METHOD

In order to support the study a set of engagements was requir-
ed in which the str ike of a tank round could be compared direct ly to where
the crew aimed the round . Given these two pieces of information for a
series of engagements it would be possible to measure the magni tude and!
or biasing effect of the error of measurement , and to assess its si gnifi-
cance when using hit /miss data to estiniate crew competency for gunnery
qual i f icat ion.

The U.S. Army Armor Engineer Board at Fort Knox recently con-
ducted a series of experiment s on various tan~ suspension systems in which
the type of data required for the present inve stigation w i s co llect Ld .

Durinq Phase I of this test a single instrument ~d , stabilized tanL . equi nped
with the standard suspens ion system , was trnt fired extensively by twu
crews under a number of conditions. Each engacje~iient was fired at a 2.3 x

2.3 meter target sup erill posed on a 6.1 x 6.1 meter cloth panel. An aiming

cross with legs approxi m ately 1 meter wide and 1 meter tall was centered

on the target (see Fig. 1). Accordinq to the study design , each crew fired

twenty rounds , two at a time , at the target from a stationary position at a

range of 1500 meters. Each crew also fired approxi ma tel y twelve , four-round

engagements at the target while the tank was on the move; the following con-

ditions of tank motion were examined (1E rounds per condition):

10 mph over a secondary road;

10 mph over moderate cross-country (2.5 RMS) terrain; and

5 mph over moderate cross-country (2.5 RMS) terrain.

The moving tank engagements were fired frontally at ranges of 1091 to 805

meters . Armor defeating ammunition was used throughout the test.

The test tank was carefully horesic jhted at the beginn ing of

the data collection period . It was zeroed each day tha t testing occurred .

Further , a check round was fired ri ~ h tim e crews were exchanqed ; if neces-

sary , the tank was then re-zeroed .

5
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Figure 1 . Tar get w ith ainhinq cross s uper imp osed on cloth p anel
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The typica l scenario for the stationary engagements began with
the tank commander ’s fire command . At this point the main gun was slewed
onto the targe t, the gunner made a precise lay, and fired the first round
of the engagement. He then re layed on the target , and fired the second
round . The tank comander then issued a cease-fire command to end the
engagement.

The scenario for the moving tank engagements was similar. The
tank began moving down a predetermined course toward the target. The tank
commander issue d a fire command , and the gunner commenced fire; he at-

tempted to fire up to four round s while clos i ng on the tar get. The tan k

commander issued a cease -f ire when the fourth round was fired or when the
tank approached the end of the course (approximately 800 meters from the
target).  During the engagement each crew member performed his normal
duties. This included the driver who maintained the correct speed accord -
ing to the experimental condition and warned of terrain features (e.g.,

di ps and holes) over the intercom .

Because of practical circumstances the actual number of en-

gagements and rounds fired was somewhat at variance with the original

design. Table 1 presen ts the actual number of round s fir ed by eac h cre w
under each condit ion . Not all of the round s fired cou ld be scored be-
cause of target obscuration caused by muzzle blast; the number of rounds

actuall y score d , therefore , is presented separately in Table 1 for each

condition.

Data were acquired for each round fired by means of video in-

strumentation . A television camera with a telephoto lens was aimed at

the target and the strike of the round was recorded on a video tape re-

corder (the ii0verwatchii system .) Personnel attached to the Armor Eng i neer
Board determined the position of the strike of each round in the follow-

ing manner: The tape was replayed using a televis i on mon itor , and the

strike was observed . The tape was then backed up by hand until the frame

which showed the round actually penetrating the target panel was found .

Using the 2.3 meter target square and the 1 meter cross as references ,

~~~~~~~~~ 4 _~~ -— - -



TABLE 1
Number of Rounds Fired by Each Crew Under Each Condition

(scorable rounds indicated in parentheses)

crew 1 Rounds Crew 2 RoundsEngagement IYPC
Fired Scored Fired Scored

Stationary /Stationary 20 20 20 20

Moving/Stationary
10MPH . Secondary Road 12 12 16 16

Moving/Stationary
10MPH , Cross-Country 14 13 16 16

Moving/Stationary
5MPH, Cross-Country 16 15 12 11

II

_ _ _ _  
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the vertical and horizontal distances from the center of the target to
the point of penetration were then determined in centimeters. When th e
round missed the entire cloth panel, it was scored as lost and assigned
an arbitrary vertical and horizonta l score (998 cm). These “overwa tch”
data were supplied to the project staff.

In addit ion to strike data the range-to-target was determined
for each engagement. Al l stationary engagements were fired from 1 500
meters as determined by range survey . The range for moving engagements
was determined in the fo llowing manner: Prior to firing, marke d s takes
were placed at five meter interval s along the tank course. During firing ,
a scorer rode along on the tank’ s turret bustle; when a round was fired

he dropped a sand bag. A second vehicle came down the course behind the

firing tank and detern’ined the range to target by comparing the position

of the sand bag relat ive to the marker sta kes. The resulting range data
were used to transform strike data from centimeters to m ils and vice versa .

Crew performance was simultaneous ly measured via a gun camera
system developed by the Instrumentation Branch of the Armor Engineer
Board. A television camera was mounted in the turret of the tank through

the gunner ’ s infrare d per i sce oe . This periscope is yoked to the gunner ’ s

daylight per i sco pe v i a a pr i smatic beam s plitter , so that with the proper

alignment the camera v i ew is ident ical to the gunner ’ s view. The camera
signal was transmi tted via an RF link to a video tape recorder in a

remote instrumen tation van. The video tape thus recorded the gunner ’ s

view , including where he positioned the periscope reticle on the target;
superimposed on the recording were electronically-generated time , date ,

and condit ion data for reference purposes . The sound track of the tape

contained the actua l intercom conversations of the crew during firing .

The aimin g performance for each round was measured in the fol-
lowing way: The tape of a single exerc ise was observed until the round

was actually fired ; the moment of firin g was easily determined since the

monitor screen wou ld “wh ite-out” due to the muzzle blast. The tape was

9
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then wound back by hand to the frame immediately preced i ng the “white-out” .
The gunner ’s aim was then scored on this frame in terms of azimu th and
elevation from target center , us ing the periscope reticle as a reference.
The resulting “aiming errors” were expressed in mils. The gun camera
tapes were scored using the concensus of two project staff members who
worked toget her following initial practice. *

(.

*A preliminary pilot study indicated that the scoring could be performed
w ith high reliability . Agreement among analysts represented by inter-
scorer correla tions ranged from .779 to .954 for the first 40 rounds
scored independently by each of three scorers , and average disagreements
were less than .1 mi ls.

10
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ANALYSIS AND RESULTS

The fi rst s tep in the anal ys i s was to exam ine the relat i onsh ip
between the aiming point and the strike of the round for each engagement.
The degree of correspondence between them would indicate the validity of
usin g strike data to represent crew aiming performance. After converting
all measuremen ts to nils *, the aim and s trike az imuth data and the a im
and strike elevation data were correlate d. These ~orre1a ti ons were co rn-
puted for all engagements combi ned and for each kind of engagemen t se p-
arately. They are presented in Table 2, together with the number of en-
gagements included in each correlation. ** While many of these correla-

tions are significant , they are nevertheless disappointingly small. When

the proportion of variance accounted for is considered (the squared cor-

rela tion coefficient), it becomes clear that the strike of the round may

be insufficiently related to aiming to be used as a measure of performance .

For example, the largest correlation obtained (.788) when squared yields a

val ue of .621. This figure can be interpreted to mean that 62.1% of the

var iation in where the round struck was accounted for by the point of aim.

Overall , aiming accounts for less than half of the variability in eleva-

tion of the strike of the round (41.31), and even less of the variabi l i ty
in azimuth (l4.8~). For each of the kinds of engagements , the proportion

of var iance accoun ted for ranges from a high of 62.1~ to a low of 5.6° .

* S i nce the engag ements occurre d at var ying ranges , it was f i rs t neces-
sary to convert the strike-of-the-round data (in centimeters) to mils
so tha t data from engagement to engagement could be compared . This was
accomplished by dividing azimuth and elevation strike error (in centi-
meters) by the range of the engagement , and multiplying the result by
10. T hus , 100 centimeters error at 1000 meters leads to (100/1000) x
10 = 1 m u .  Similarly, 150 centimeters at 1 500 meters leads to (150/
1500) x 10 = 1 mil.

** S i nce the azimuth , elevation , and distance dispersion measures all de-
pended on comparin g a im wi th s tr i ke , engagements on which the strike
of the round was not precisely scorable were excluded from the succeed-
ing analyses. This led to the loss of data on 11 secondary road , 10
mph engagements and 1 cross-country , 10 mph engagement.

11
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TABLE 2

Correlations Between Point of Aim and Point of Strike
(number of enqaqements in parentheses)

Engagement T ype Azimuth E levation

All .385(111) .643 ( 111)

Stationary .536 (40) ’ .237 (40)

Moving I
10MPH , Secondary Road .420 (17) .651 ( 17)

Moving
5MPH , Cross-Country .684 (26)~~* .713 (26) **

p.

Moving
10MPH , Cross-Country .320 (28) .788 (28)’”

~~p~~~ O1
n~~ 001

~“ p < 0OO1

12
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In other words , wha t this s imply means is tha t, while the loca tion where
the round strikes is par tially related to the aimin g point , there i s also
a grea t dea l of variation in the position of the str i ke wh i ch bears no
relation to the aiming performance of the gunner.

This issue may be examined i n  another way by considering on a
round-by-round basis whether each round was aimed within the target square ,
and whether it struck wi thin the target square. In other wor ds , wha t was
the relationsh ip between hi t/m i ss per formance i n term s of a imin g and i n
terms of str ike of the round? Table 3 presents this information for each
condition of firing, and for all conditions combin ed . For each condition ,
the row entries correspond to the frequency with which the gunner ’ s a im
was with in the 2.3 x 2 .3 meter target , tha t is , whether or not he aimed so
as to obtain a hit. The column entries indicate the frequertcy of hits and

misses actually obtained , based on the strike of the round . Assuming that

the gunner ’ s aim reflects his actual competence , an d that one des i res to
score his competence based on the strike of the round , it would be desirable

that the round woul d hi t wheneve r he aime d w it hi n the tar get , and that the

round would mis s whenever he aimed outside the target square. In this per-

fect s i tua tion , one woul d f i nd all of the engagements ta bulate d on one d i-
agona l in each of the f i ve da ta arrays shown in Ta b le 3; tha t i s , each round

aimed as a “hit” (within the target) would strike as a hit , and eac h round

aimed as a “miss ” (outside the target) would miss. To the extent tha t there

is appreciable dispersion in the weapon system , error of measuremen t woul d
be introduced i n us i ng the strike of the round to score , for examp le , the

gunner ’s a iming performance . In this case , somew hat less than all of the
well-aimed shots woul d strike the target as a hit , and somewha t less than
all of the poorly a imed shots wou ld mi ss the target .

The data i n Table 3 indicate that , overall , when the gunner
aimed so as to hit the target , the round hit only about 83~ of the time ,

and when he aimed so as to miss the target , the round missed the target

only 56~ of the time . When considering strike-of-the-roun d data as m di- 4
cators of aiming performance,these resul ts would lead one to conclude

I
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TABLE 3

R&at ionship Between Aim and Strike with Refere nce to the
2.3 X 2.3 Meter Target Square

Strike of the Round
Engagement Type Gunner s Aim Miss Hit

Stationary Tank Miss 1 1
Hit 3 35

Moving Tank , 5MPH Miss 0 2
Cross-Country Hit 2 22

Moving Tank , 10MPH Miss 3 3
Secondary Road Hit 8 14

Moving Tank, 10MPH Miss 5 1
Cross-Country Hit 5 18

AU engagements Miss 9 7
Hit 18 89

I
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erroneousl y on 1 7% of the engagemen ts tha t the gunner had a imed i nco rrect-
ly, and on 44~ of the engagements tha t he had aimed correctl y. Such er-
ror eous conclus ions are precisel y wha t lea ds to m i sc lass i fi ca ti on error s ,
fal se-negative errors in the former case and false-positive errors in the
lat ter .

These findings may be summarized by considering, under eac h
condition , the proba bility that the round went where it was aimed (whether
it was aimed as a hit or a mis s).  Overall this pro babil ity wa s 79.7 % .
For the stationary tank conditi on the probability was 90~; for the moving
tank at five miles per hour cross country it was 84.6~.; the probability
was 60.7~ at ten mph over a secondary road , and 79.3% at ten mph cross
country .

From these resul ts an d the precedi ng co rr e l a t i ons , it appeared

tha t the s trike of the round did not corres pond very well  w ith the crew ’ s
accurac y of ai m , thus potentially introducing a fairly large error of

measurement when target hits are used as a scoring criterion for deter-

mining crew qualification.

The next step was to further characterize the nature of this
error , and to determine whether it might actually preclude the use of strike
data as an acceptable estimator of crew competence. Toward this end the
data were al gebraically transformed to simulate a hypothetical “ perfect”

gunner . Note that if a gunner aims two mils right , and the round falls

four mils right , the round has deviated two mils right. This is equivalent

to the situation where the gunner aims dead on , and the round fa l ls  two
m ils right; in both cases the dispersion from the point of aim is two mils

right. Similarly, the case where the gunner aims dead on and the round
fa lls dead on is equivalent to the case where the gunner aims 1 mil hi gh

and the round falls 1 mil high; in both of these latter cases the round
has fallen where it was aimed , an d the deviat ion or di spersion is zero .

By calcula ting these deviation or dispersion measures , one may then ex-
amine the impact of main gun dispersion independent of actual gunnery

competence.

1’5
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T he conversion is quite simple . The deviat ion in azim uth is
obta i ned by subtractin g the azimuth of aim from the azimuth of strike;
thus in the example above , a strike 4 mils right minus an aim 2 mils
right leads to a deviation of 2 mils , and a strike 2 mils right minus an
aim of 0 mils right leads to a deviation of 2 mil s right. Similarly for
elevation dispersion , a str ike 3 mils short min us an aim of 1 nt il over
l eads to a deviation of 4 mils short. Treating left azimuth and short
eleva ti ons as ne ga tiv e , one recrea tes the da ta matri x as though all  of
the crews had performed perfectly, and the only error is the error of
measurement introduced by the weapon system . In addition to considering
these data in two Cartesian dimensions (azimuth and elevation), it was
also possible to derive a single measur e , distance from the center of
target , by appl ying the Euclidean distance formula to these data:

distance = square root of (azimuth deviation squared +

elevation deviat ion squared).

Af ter transforming the data to create a disp ersion distribu-

tion for the hypothetically perfect gunner , the next step was to examine

the mean deviations , i n az imuth , elevat i on , and distance , of the strike
from the po i nt of a im . The mean deviations for each kind of engagement and

all engagements combined are presented in Table 4. Also inc l uded in this

t ab l e  are t sta tist i cs and s ig ni f icance  values  for tests of the asser ti on
that the mean dev iat ions are no t s ign i f i cant ly  di f feren t from zero .

The data in this table reveal a number of things. First , the

average azimuth , elevat ion , and distance deviations differ significantly

from zero in severa l cases . The average azimuth and elevation deviat ions
are all negative , indicating a tendency for the round to move to the left

and down from the aiming point. The consistency of this find i ng suggests

that there is a rela tively systematic component of the observed dispersion ,

as might be expected from a failure to boresight or zero correctly, or

from a phenomenon such as tube droop w h i c h  develops during firing . Since

the test vehicle was carefull y boresighted before the test, and confirm a-

tion rounds were fired fairly frequentl y, it seem s unl i kel y tha t the ali gn-

16
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TABLE 4

Mean Deviations of Strike from Aiming Point (in mils)
for the Hypothetically Perfect Gunner

Mean M,~~ . Mean
Engagement T~ pe Ai r, Tr  I a-~~,r j r ‘‘~~~~~ D ~~j~’ —

Id j

All —0.204 —2. 11 ( 11 O )~ —0. 139 —1. 8 8 ) 1 10 )  0.94 7 11. 1 3 ( l 1O ) ”

Stationary — 0 .058 —0 .96 (39) —0.039 —0.34 (39) 0.550 5 71 (39i ”

10MPH. Secondary Road -0.654 —4 . 18 l16)~~” —0.390 --3.47 (16)” .970 8 0 6  l16 ”~

10MPH. Cross Cour lry —0.006 —0 .02 (27 ) —0 .097 —0.50 (27 )  1 540 6.03 27~~”

5’.~PH Cross Country —0.348 — 2 9 0  25) ” —0. 1 73 —1 .25 (25) 0.905 10 3€ 25

• p~~ o5
•• p~~ o1

~~~p~~ OO1
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ment of the weapon and sigh ts is at fault. In any event , this down -ani-
to-the-left component is not the entire explanat ion o~ the v a r ii t ic r i be-
tween aim and strike. *

The distance dispersions, representing the c o :-bin ed az~i i~uth
and elevation effects , are fairly substantial , and are always si g nifi cant-
ly greater than zero . Another way of consid ering ~~~~~ data is with re-
spect to the target used in the present study at , for example , 1 500 oters.
A deviation in distance of 115 centimeters (1/2 of t~.e target width ) for a
perfectly aimed round would put the strike of the round all the wa y out - it

the edge of the target square , or .767 mils away fro the center of the

target and point of aim. The overall avera~~ dist on ce deviation in Tabl e

4, however , is .947 ~i l s indicating tha t many rounds , t ) 1ou t ~ f l ai~-~ed at the
center of the target, ‘lay mi ss entirel y.

Another way of looking at dispersion ef’ects was to deter~ine
the probability distributions for various strike -fr -point -o f-al ’ dis-
tances. These data are shown in Fi gure 2 where each er tic al bar repre- U
sents the proportion of rounds , as indicated on the scales at the left of

the figure , which fell at various distances from t ne ooint of aim , as in-

dicated at the bott o~ of the figure. Also note that t h e  numbers at t~e
bottom of the figure show the distances in centireters that correspond to

the distances in n i i l s at various ranges. Thus , for those rounds which
disperse between 1 and 1.25 mils , this corresponds to round s which travel

201 to 250 centimeters from the point of aim at a ranoe of 2000 r~eters .

*From the correlational analyses and the variances of the aim-strike dev i-
ations , it is clear that the down/left phenomenon is onl y a tendon cv , and
that not all rounds deviate systematically in this one direction. Fut-ther ,
the proportion of variance in strike -of—the-round ~.n )ch was rot accounted
for by aim (1.0 minus the squared correlation coefficient in the earlier
correlational analyses---see Table 2) cannot be t o t a f l v  due to any such
tendency , as the correlation coefficient is generall y insensitive to con-
stant differences in two variables being correlated . The non-constant
dispersion suggested by the correlation coefficients is of sufficient
magnitude that it cannot be ignored .
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Figure 2. Proportion of rounds at various distances from the aiming point .
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To interpret the figure, for exam p le , consider the third row of entries which
contain .~ the distribution of strike distances from point of aim for 10 mph ,
secondary road engagements. The left-most vertical bar ind i cates that in 6.~
of these i’rP )a lenrn ts , the strike of the round was between 0 and .25 ii i ils
f rom the  p oint of aim; the nex t bar indicates tha t 18 ,. of the rounds struck
from .26 to .50 mi ls from the point of aim , and so on.

Considering these distr ibutions from left  to right in a cumulative

sense it is clear that the magnitude of the dispersion problem is quite severe.

For example , across all engagements 34 . of the rounds struck more than 1 mil
from th~ point of aim . A perfec t gunner firing at the standard target from

a range of 1 500 meters thus would miss the 2.3 x 2.3 meter square (i.e.,

would have his round strike at a distance > 150 cm from the center) more

than a third of the time. Thus the perfec t gunner firing at a relatively

nearby target beg ins wi th the cards stacked against him ---approximately one-
third of his rounds 1ay be misses when his aim is perfec t, and the situation

rapidly deteriorates at increasing ranges .

P~ f inal analysis was performed to exam i ne the k in d of erro r

envelope necessary to contain this degree of error of measurement at

various ranges and under various conditions. The goal may be thought of

as follows : Given a known dispersion in mils under various conditions ,

how large a target would be required if a perfect gunner (who always aimed

directly at the target center) were to obtain at least 95~ hits? One sinipli-

lying assumption was made for the calculations; it was assumed that targets

of equa l area and symmetric abou t the point of aim would have equivalent

distributions of round strikes. Thus , the 95th percentile distance Iron

point of aim could be used to construct a target circle , and a target square

was then compu ted havin g the same area . The result ing target s izes are pre-
sented in Table 5. Each entry in the table is the length of one side of t he

target square needed to “c a p t u r e ” 95~ of the rounds fired by a perfect gunner
at the center of the target under various conditions , assuming the dispers~~’i

di str ib ut ions found i n the present data .

20
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TABLE 5

Target Size (cm) Necessar y for a Perfect Gunner
to Obtain 95% Hits

Engagemen t Type

10MPH 1 0MPH 5MPH
Range (meters ) Slal’ona’y Secondary Cross. cross-

Road Coun t ry Cn~~~t r y

800 143 227 367 233
1000 179 284 459 291

1 200 215 340 551 349

1400 251 397 
‘ 

643 407

1600 286 454 735 465

1800 322 510 826 523

2000 358 567 918 581

2200 394 624 1010 640
2400 430 681 1102 698

95th Percentiie
Radius (in mils) 101 1.60 2.59 1 .64

21
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The same information is also shown in Figure 3. The size of
the standard target square is indicated by the darkly shaded area , and the
size of the full target panel by the lightly shaded area . This figure
indicates tha t the ta rget squa re used in the current study may provide a
95%-accurate estimate of gunnery performance only for stationary exercises
out to 1200 meters , and 5 mph cross-country and 10 mph , secondary road ex-
ercises out to 800 meters. Even the ent i re tar get panel is i nadequa te for
many moving tank exercises at moderate -to-long ranges. As an alternative
to larger targets , one cou ld also decrease the target range. If this were
done , the moving exercises examined in the present study could be fired at
from 400 to 800 me ters , in which case the perfec t gunner could be expected
to obtain 95% hits .

22 
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800

800 1000 1200 1400 1600 1800 2300 2200 2400

Range to Target ~m)

Figure 3. Target Size Required for 95% Hits by a Perfect Gunner
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DISCUSSION

The find ings of this exploratory study seem c lear- - -h i t/ miss
data co llec ted under l ive-f ire conditions similar to those foun d i n the
current Ta b le V I I I  le ad to inaccura te estimates of crew performan ce ca pa-
bi l i ties . In the best of c i rcumstances a per fect gunner , f i ring from a
stationary tank , will miss the 2.3 x 2.3 meter target square about 5’~ of
the time a t 1000 me ters , and 2O~’.’ . of the time at 2000 meters. Therefore ,
the max imum number of hit s that the perfec t gunner can achieve a t these
two ranges is 95 and 80’:. respectively. The situation is worse for mov -
in g exercises . In all of the cases examined in the present study , the
possibility of a fair and accurate evaluation of gunnery performance would
seem to be i n dou bt . Fur ther , it should be noted that the standard of
competence recommended by Wheaton et al. for main gun exercises is 95 ’
while the present study suggests that the overall capability of the
wea pon system is approximatel y 83~ (probabil i ty of a main gun hit given

the gunner has aim€d within the target area). This situation (i.e. , re-

quiring crews to perform at a level which may excee d the ca pab i lity of
the wea pon sys tem ) represents a con fl ict wh i ch can com prom i se the val idity

of the Table V III qualification information unless ways can be found to

correct the problem .

Two alternat ive solutions were considered in the preceding

section: increa sing the target size , and decreasing the range to target.

Neither is terribly a t t rac t ive  since each woul d det rac t from the face va-
l id i ty  of the exerc i ses , and could introduce user acceptance problems .

Nevertheless , somet hi ng mus t be done , particularly with the introduction

of a criterion-referenced model Table V III . For a variety of reasons the

scores required to qualify on this table are likely to be quite high , and

the dispersion effects of the weapon system , if not adjusted for , c o u l d

make qualification imposs ib le , or lar gely a matter of luck . One novel a p-
proach to dealing with the problem is the subject of study in the second

phase of the current project. This phase , whic h is concerned with simulated
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testing of Table V iii , includes plans to examine the feasibil ity of scoring
gunnery performance based directly on aiming data. A gun camera system
woul d be used similar to the one employed in collect i ng the presen t da ta .
The direct scoring of aiming performance eliminates the dispersion effects
associated with strike -of-the-round data and circumvents a number of other
live-fire scoring problems not specifically addressed in this report.

One must , of course , remain quite caut ious in interpreting the

resu lts presented herein. As indicated above , this study is at best ex-
ploratory, since only one tank was tested , and only one kind of ammuni tion
was employed .* Further , the gun camera technique is of recent origin , and

severa l shortcom ings are possible. For example , while the mount used to

hold the video camera in a lignment is quite sturdy , little data are avail -
able regard ing its ability to hold its position perfectly over the course

of many main gun firings. In addition , wh i le the v id eo tape ima ges use d
for scoring appear to be cont i nuous , they are in fact made up of individua l

frames , much as a standard movie film. The possibil i ty exists that there
may be a shift in aiming point between the time of the last frame prior to

firing (the frame scored ) and the actua l time of firing. The possibility

that such shifts produced the dispersion effects was explored by examining

informally the shifts in aiming point between the last and second-to-last
frames for a number of engagements; while shifts occurred , they seemed to
be generall y qu i te smal l .  Further , most of the dispersions (over 4O~) were

short and l eft; if the frame-to-frame shift were responsibl e for the dis-

persion effects , it woul d imply that gunners were tracking down and left

onto most of the targets. Nevertheless , because of the relat ively slow

frame rate of the v ideo recorder (approx imately one frame every 63 milli-

seconds), the possi bility of this kind of error exists.

*While only two crews were tested , this is not a limitation , s i nce crew
performance is factored out of the central analyses by computing the
distance between point of aim and point of stri ke of the round .

_ _ _ _  ___________ ~~~~~



Despite these and other uncertainties about the present data ,
the indication that dispersion effects may hamper the measur ement of crew
capabilities is strong enough to warrant further research. The next step
shoul d be to fur ther veri fy the accurac y of the gun camera ins trumen ta-
tion for assess i ng sig ht pictures. Video recorders with higher frame
rates mi ght be required . Alternative techniques might also be considered
such as using a still camera mounted to the gunner ’ s infrared sight and
linked to the firing circuit to expose a single frame of the sight pic-

ture as the gun fires; timing would be critical in order to avoid prob-
lems with gun tube flash and obscuration.

Once the’ instrumentation for determining sight picture has been
esta b l i s h e d , the nex t recommen da t ion  woul d be to fi re sequences of en gage-
ments  much as occurred in the present study, but using a randomly selected

sam p le of tanks , as well as a random sample from each type of main gun am-

munit ion (e.g., from several different manufactur ing lots). One would

also wan t  to examine environmenta l conditions such as temperature , which

might impact on the gun tube geometry , and w i nd speed. Data shoul d be
collecte d under the range of conditions called for in the model Table V I I I
(Wheaton , F ingerman , & Boycan , 1977) .

The data collected in such a study would be analyzed much as

was done here (see Tables 2 through 5 and Figures 2 and 3). The goa l

would be to verify the finding s of the present study and to assess the

valid ity of using sight picture data rather than live-fire hit/miss data

in scoring crew competence.
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